Enhancement of XRF intensity was investigated by using an Au coated glass-capillary. Au was electroplated on an inner wall of the glass-capillary with a thickness of 100 nm. The Au coated glass-capillary was attached to a micro focus x-ray tube. The XRF intensity from the pure metal samples was measured by a silicon drift x-ray detector. It was confirmed that the intensity of XRF was enhanced by using Au coated glass-capillary by factors of 1.1 to 1.5 times. The XRF intensity profile was also measured by wire scanning method to investigate the reason. The trace of primary x-ray beams was calculated considering x-ray total reflection. The calculated results of agreed well with the experimental XRF intensity profile. The reason of enhancement XRF intensity was that the primary x-rays were totally reflected on the inner wall of glass-capillary.
INTRODUCTION
Glass-capillary x-ray optics are very important in developing a micro X-ray fluorescence (-XRF) instrument in the laboratory [1] . A -XRF instrument consists of a micro focus x-ray tube and a capillary optic. Several applications of -XRF have been reported [2] [3] [4] . In order to obtain the  x-ray beam, the simplest approach is to use the collimator [5] . The collimator has a simple pinhole. Therefore, the  x-ray beam can be obtained depending on pinhole size. Nevertheless, the collimator does not have focusing ability of x-rays. The x-ray only diverges [7] . The critical angle ( c ) is calculate where E is the energy of primary x density of the material [8] . In this way, parallel, focused or diverging x depending on the geometry of the hollow tube. G point of view of ease of processing capillary is the  x-ray beam. However, not very high because the incident angle of primary x low and divergence angle of x-ray emitted from single capillary is a few mi we investigated the potential glass-capillary. The critical angle for total reflection of glass-capillary. That is, if the density of high, indicating that a large amount of the primary x It would be possible that the inner wall of glass material such as metallic layer. Therefore, x-ray fluorescence from the sample. intensity obtained by Au coated on Figure 1 shows the single straight were attached to special holders diameter, and inner diameter (shown Figure 1 (a) and (b) respectively. The length, outer diameter, 110 mm, 6 mm, and 400 m, respectively inner coating (100 nm thick) by electro calculated for the capillary according to the following equation:
EXPERIMENT

Glass-capillary
the energy of primary x-ray, Z is the atomic number, A is the atomic mass In this way, parallel, focused or diverging x-rays are generated geometry of the hollow tube. Glass is used as the capillary material of processing and roughness of the inner wall. The feature However, the x-ray intensity obtained by the single capillary is he incident angle of primary x-ray to inner wall of single capillary is ray emitted from single capillary is a few milli-radians.
potential enhancement of the x-ray intensity by using the critical angle for total reflection of primary x-rays, depends on the density the density of material of capillary becomes high, the a large amount of the primary x-rays can be taken under total reflections. It would be possible that the inner wall of glass-capillary is covered with high Therefore, we can expect an enhancement of the intensity of fluorescence from the sample. In this study, we investigated the enhancement of x intensity obtained by Au coated on the inner wall of a glass-capillary.
single straight glass-capillaries used for experiment. These glass s which were mounted on the x-ray tube. The shown Figure 1 The measurement time was a live time.
glass-capillary was attached to the Mo x point by using an x-y stage (GYMO3S sample was placed on a X-Y-Z stage ( Ltd, Kawasaki, Japan), which was controlled by stepping motors with a precision of 0.5 driven by a personal computer. Equipment Co., Japan) were applied to control the translation stages. Fluorescent x from the SDD were analyzed by a multichannel analyzer (NT2400/MCA, Laboratory Equipment Co., Japan). detected at take out angle of 45˚. The ray tube, and precisely adjusted to be at an optimum S1, Kohzu Precision CO., Ltd, Kawasaki, Japan). The R3S, Kohzu Precision CO., , which was controlled by stepping motors with a precision of 0.5 m Motor drivers and a motor controller (NT2400, Laboratory Equipment Co., Japan) were applied to control the translation stages. Fluorescent x-ray signals m the SDD were analyzed by a multichannel analyzer (NT2400/MCA, Laboratory directly. Therefore, were measured.
RESULTS AND DISCUSSION
Enhancement of primary x-rays
The measuring time was 100 second of measurement XRF intensity ob 3 (a)) and 400 m inner diameter intensity. The XRF intensity was enhanced enhancement ratio was defined as the ratio of XR without Au coating. Enhancement ratios keV), 1.40 for Cu K (8.0 keV), and measurement XRF intensity obtained by glass Enhancement ratios were 0.82 for Ti K We found that the XRF intensity inner wall. econd (Fe, Cu) and 300 second (Ti, Pb). Figure 3 show obtained by using glass-capillary of 700 m inner diameter m inner diameter (Fig. 3 (b) ). Table 1 shows the value of measured was enhanced applying Au coating for each element. as the ratio of XRF intensity with Au coating to XRF intensity without Au coating. Enhancement ratios were 1.20 for Ti K (4.5 keV), 1.36 for Fe and 1.32 for Pb L (10.5 keV). Figure 3 (b) shows the result of XRF intensity obtained by glass-capillaries of 400 m inner diameters for Ti K, 1.12 for Fe K, 1.30 for Cu K, and 1.48 for Pb L the XRF intensity was enhanced by using the glass-capillary with Au coating on Enhancement of XRF intensity was probably caused by enhanced primary x-rays which passed capillary. Thus, we measured XRF intensity profile to investigate the process of enhancement. A Cu wire ( 30 m) minimum step size of 20 m. The measurement time was econd per step for Ti wire, respectively. Total scanning distance The sample wire distance from the edge of glass-capillary was 3 mm. intensity profiles of 700 m inner diameter glass-capillaries as (a) and (b) show the intensity profiles of 400 m inner diameter profile symmetry, and XRF intensity was enhanced capillaries in Fig. 4 (b) and Fig. 5 (b) . The XRF intensity profiles ha
Figures 4 (a) and (b) and Figure 5 (b), while the XRF two peaks. The XRF intensity profile of Ti wire was almost the same as the XRF intensity profile of Cu wire. Consequently, the XRF intensity profile did not depend energies from the samples.
Dependence of XRF intensity profile on the rotation angle was investigated the wire scanning as shown in Figure 2 ) show emitted from the x-ray source point to inner capillary. The blue line ray beams that directly pass through the capillary. The yellow line reflected primary x-ray beams. The Cu wire was scanned at X to obtain the XRF intensity profile. Angles  a and  b shown in F from x-ray point source to the glass-capillary. wall of glass-capillary are absorbed or pass through he incident angle to the inner wall was greater than the critical angle. critical angles of glass and Au were 0.1˚ and 0.3˚, respectively. Figure 8 (c) was produced by direct primary x-ray beams and totally reflected x-ray beams, as expected by the trace in Figure 8 (a) . The two peaks of the XRF intensity profile were caused by totally reflected x-ray beams at the edge of glass-capillary. In Figure 8 (d), a single peak was observed. Calculation of x-ray beam in Figure 8 (b) suggests that this single peak (red region) was produced by two times total reflections on Au coated wall. Figure 8 (b) include three types x-ray beams: primary x-ray beams, one-time totally reflected x-ray beams, and twice reflected x-ray beams. The effective accepting angle of Figure 8 (b)  b (0.3˚) is 3 times larger than Figure 8 (a)  a (0.1˚) . The effective accepting angle of the Au coated glass-capillary was larger than the untreated glass-capillary, and the three types x-ray beams irradiated the sample; as a consequence of this beam geometry, the XRF intensity was enhanced.
CONCLUSIONS
We investigated the enhancement of XRF intensity by using the single straight glass-capillary.
The XRF intensity was enhanced by using the glass-capillaries which were Au coated on inner wall. The enhancement ratios were 1.20 to 1.40 for Au coated glass-capillary of 700 m inner diameter, and 0.82 to 1.48 for Au coated glass-capillary with a 400 m inner diameter. The symmetrical shapes of XRF intensity profile were demonstrated with traces of the primary x-ray beams which were calculated using the critical angle. There were two reasons for this increase in intensity, the effective accepting angle was large, and the primary x-rays were totally reflected on the Au coated glass-capillary. We will investigate the glass-capillary with a 100 m inner diameter, and utilizing the same ray trace method. The Au coated glass-capillary will be applied to a polycapillary and a shaped capillary in the near future.
